
CLAIMS

What is claimed is;

1 , V An isolated nucleic acid comprising a nucleic acid selected from the

group consisting of

5 a\nucleic acid encoding any of C-1027 open reading frames (ORFs) -7

through 42, excluding ORF 9 (cagA);

a nucleic acid encoding a polypeptide encoded by any of C-1027 open

reading frames (ORFs) -7 through 42, excluding ORF 9 (cagA); and

a nucleic acid amplified by polymerase chain reaction (PCR) using

10 primer pairs that amplify any o^C-1027 open reading frames (ORFs) -7 through 42,

excluding ORF 9 (cagA).

2. The isolatedVuicleic acid 0f claim 1, wherein said nucleic comprises a

nucleic acid encoding at least two open reading frames (ORFs) selected from the group

consisting of ORF- 1 through ORF 42,\excluding ORF 9 (cagA).

15 3. The isolated nucle\c acid of claim 1, wherein said nucleic comprises a

nucleic acid encoding at least three open reading frames (ORFs) selected from the group

consisting of ORF-1 through ORF 42, excluding ORF 9 (cagA).

4. An isolated^piieieTC"aci<f

hybridizes under stringent conditions to aA openVeading fra

ising a nucleic acid that specifically

(ORF) of the C-1027

20 biosynthesis gene cluster, excluding ORF 9, (cag/^, and can substitute for the ORF to which

it specifically hybridizes to direct the synthesis of enediyne.

5. The isolated nucleic acid declaim 4/&herein said isolated nucleic acid

comprises a nucleic acid that specifically hybridizes^pd^er stringent conditions to a nucleic

acid selected from the group consisting of ORFyf, ORF\-6, ORF -5, ORF -4, ORF -3, ORF -

25 2, ORF -1, ORF 0, ORF 1, ORF 2, ORF 370RF 4, ORF 5\ORF 6, ORF 7, ORF 8, ORF 10,

ORF 11, ORF 12, ORF 13, and ORF 14.

6. The isolated nucleic acid of claim 4, wnerein said isolated nucleic acid

comprises a nucleic acid that specifically hybridizes under stringent conditions to a nucleic
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acid selected from the grdup consisting ofORF 15, ORF 16, ORF 17, ORF 18, ORF 19,

ORF 20, ORF 21, ORF 22\ ORF 23, ORF 24, ORF 25, ORF 26, ORF 27, ORF 28, ORF 29,

ORF 30, ORF 31, ORF 32,\ORF 33, ORF 34, ORF 35, ORF 36, ORF 37, ORF 38, ORF 39,

ORF 40, ORF 41, and ORF142.

7. The isolated nucleic acid of claim 5, wherein said isolated nucleic acid

comprises a nucleic acid selefcted from the group consisting ofORF -7, ORF -6, ORF -5,

ORF -4, ORF -3, ORF -2, ORF -1, ORF 0, ORF 1, ORF 2, ORF 3, ORF 4, ORF 5, ORF 6,

ORF 7, ORF 8, ORF 10, ORFU 1, ORF 12, ORF 13, and ORF 14.

8. The isolated nucleic acid of claim 6, wherein said isolated nucleic acid

comprises a nucleic acid selected from the group consisting ofORF 15, ORF 16, ORF 17,

ORF 18, ORF 19, ORF 20, ORF 21, ORF 22, ORF 23, ORF 24, ORF 25, ORF 26, ORF 27,

ORF 28, ORF 29, ORF 30, ORF 3V, ORF 32, ORF 33, ORF 34, ORF 35, ORF 36, ORF 37,

ORF 38, ORF 39, ORF 40, ORF 4A and ORF 42.

9. The isolated nufcleic acid of claim 4, wherein said nucleic acid

comprises a nucleic acid that is a singlfi nucleotide polymorphism (SNP) of a nucleic acid

selected from the group consisting ofORF -7, ORF -6, ORF -5, ORF -4, ORF -3, ORF -2,

ORF -1, ORF 0, ORF 1, ORF 2, ORF 3, ORF 4, ORF 5, ORF 6, ORF 7, ORF 81, ORF 1,

ORF 2, ORF 3, ORF 4, ORF 5, ORF 6, ORF 7, ORF 8, ORF 10, ORF 11, ORF 12, ORF 13,

ORF 14, ORF 15, ORF 16, ORF 17^RT1^70T?F~4^0RF 20, ORF 21, ORF 22, ORF 23,

30, ORF 31, ORF 32, ORF 33,

ORF 34, ORF 35, ORF 36, ORF 37,'pRF 38\ ORF 39, OR\F 40, ORF 41, and ORF 42.

10. An isolated genjb cluster comprising/open reading frames encoding

polypeptides sufficient to direct the assembly ^f a enediyne or a C-1027 enediyne

analogue.

25 11. The gene cluster of̂ arfnAlO, wherein said gene cluster is present in a

bacterium.

12. The gene cluster of claim 1 1\ wherein said gene cluster is present in a

bacterium selected from the group consisting ofActinomycetes, Actinoplanetes,

Actinomadura, Micromonospora, and Streptomycete
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13. The gene cluster of claim 11, wherein said gene cluster is present in a

bacterium selected from the group consisting Streptomyces globisporus, Streptomyces

lividans, Streptomyces coelicdlor, Micromonospora echinospora spp. calichenisis,

Actinomadura verrucosopora\Micromonospora chersina, Streptomyces carzinostaticus, and

5 Actinomycete L585-6.

14. The gerie cluster of claim 13, wherein one or more open reading

frames is operatively linked tola heterologous promoter.

15. An isolated polypeptide comprising a catalytic domain encoded by a

nucleic acid of a C-1027 gene dluster wherein said nucleic acid comprises a nucleic acid

1 0 selected from the group consisting of

a nucleic kcid encoding any of C-1027 open reading frames (ORFs) -7

through 42, excluding ORF 9 (csteA); and

a nucleic abid amplified by polymerase chain reaction (PCR) using

any one of the primer pairs identified in Tables I and II that specifically amplify one or more

1 5 of (ORFs) -7 through 42, excluding ORF 9 (cagA).

16. The polypeptide of claim 15, wherein said polypeptide is encoded by

at least two open reading frames selected from the group consisting of C-1027 open reading

frames (ORFs) -7 through 42, excluding ORF 9 (cagA).

17. The polypeptide of claim 15, wherein said polypeptide is encoded by

20 at least three open reading frames selected from the group consisting of C-1027 open reading

frames (ORFs) -7 through 42,"exctedkilgp^ 9 (cagA).

25

through 9.

18. An expression vector comprising a nucleic acid of any one of claims 1

1 9. A host cell transfonrfed with an expression vector of claim 1 8.

20. The host celfSbf claim 19, wherein said cell is transformed with an

exogenous nucleic acid comprising a gene cluster encoding polypeptides sufficient to direct

the assembly of a C-1027 enediyne or a C-1027 enediyne analogue.

2 1 . The host cell of clfiim 1 9, wherein said host cell is a bacterium.
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22. The host cell\of claim 21, wherein said bacterium is selected from the

group consisting of Actinomycetes, nctinoplanetes, Actinomadura, Micromonospora, and

Streptomycetes,

23. The host cettrjjf-ela^m 21, wherein said bacterium is selected from the

group consisting of Streptomyces gloMspor^s, Streptomyces lividans, Streptomyces

coelicolor, Micromonospora echinfysppfa spp. calichenisis, Actinomadura verrucosopora,

Micromonospora chersina, Streptomyaes carzinostaticus, and Actinomycete L585-6.

24. \ A method of chemically modifying a biological molecule, said method

mprising contacting^ biological molecule that is a substrate for a polypeptide encoded by

a C-1027 biosynthesis gene cluster open reading frame, with a polypeptide encoded by a C-

1027 biosynthesis gene cluster open reading frame whereby said polypeptide chemically

modifies said biological molecule.

25. The method oV claim 24, wherein said polypeptide is an enzyme

selected from the group consisting ofV hydroxylase, a homocysteine synthase, a dNDP-

1 5 glucose dehydrogenase, a citrate carrieruDrotein, a C-methyl transferase, an N-methyl

transferase, an aminotransferase, a CagA^poprotein, an NDP-glucose synthase, an

epimerase, an acyl transferase, a coenzyparFSQO synthase, and epoxidase hydrolase, an

anthranilate synthase, a glycosyl transferase\a mpnooxygenase, a type II condensation

protein, an aminomutase, a type II adeny^tjonprotein, an O-methyl transferase, a P-450

20 hydroxylase, an oxidoreductase, and a proline oxidase.

jo/ 26. The method of claim 24, wherein said method comprising contacting

said biological molecule wtih at least two different polypeptides encoded by C-1027

biosynthesis gene cluster opeh reading frames.

27. The methocl of claim 24, wherein said method comprising contacting

25 said biological molecule with at least three different polypeptides encoded by C-1027

biosynthesis gene cluster open readingSframes.

28. The method of claim 24, wherein said contacting is in a host cell.

29. The method of claim 28, wherein said host cell is a bacterium.
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3 1 . The method of claim 28, wherein said biological molecule is an

endogenous metabolite produced by said host cell.

\a >0^> 32. The method of claim 28, wherein said biological molecule is an

5 exogenous supplied metattolite.

33. The method of claim 28, wherein said host cell is a eukaryotic cell.

34. The method of claim 33, wherein said eukaryotic cell is selected from

the group consisting of a mammalian cell, a yeast cell, a plant cell, a fungal cell, and an

insect cell.

10 35. The method of claim 28, wherein said host cell synthesizes sugars and

glycosylates the biological molecule.

deoxysugars.

36. The method^*51aim 35, wherein said host cell synthesizes

37. The method of claim 24, wherein said method further comprises

15 contacting said biological molecule with a polyketide synthase or a non-ribosomal

polypeptide synthetase.

38. The method of claim of claim 24, wherein said contacting is in a

bacterial cell.

39. The method o of claim 24, wherein said contacting is ex vivo.

^ 40. \ The method of claim 24, wherein said method comprises contacting

said biological molebule with at substantially all of the polypeptides encoded by C-1027

biosynthesis gene cluster open reading frames and said method produces an enediyne or

enediyne analogue.

41. The method oflQlaim 24, wherein said biological molecule is a fatty

25 acid and said biological molecule is cbmacted with a C-1027 orf polyeptide selected from the
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group consisting of an epoxide hydrase, a monooxygenase, an iron-sulfer flavoprotein, a p-

450 hydroxylase, an oxidoreductfej^and a proline oxidase.

42. TJie method of claim 41, wherein said biological molecule is a fatty

*5id and said biological molecule is contacted with a plurality of C-1027 orf polypeptides

comprising an epoxide hynrase, a monooxygenase, an iron-sulfer flavoprotein, a p-450

hydroxylase, an oxidoredu\tase, and a proline oxidase,

43. The m&thod of claim 42, wherein said biological molecule is contacted

with polypeptides encoded by pRF17, ORF20, ORF21, ORF29, ORF30, ORF32, ORF35,

and ORF38.

44. The method of claim 41, wherein said biological molecule is contacted

with polypeptides encoded by ORf\5, ORF 16, ORF 28, ORF3, ORF 14, and ORF 13.

45. The method of (Maim 44 wherein said biological molecule is also

contacted with polypeptides encoded by\ORF 4 and ORF 3.

46. The methodxof claim 24, wherein said method comprises contacting a

15 sugar with one or more C-1027 open reading frame polypeptides selected from the group

consisting of a dNDP-glucose synthase, a dNDP glucose dehydratase, an epimerase, an

aminotransferase, a C-methyltransferase, an N-methyltransferase, and a glycosyl transferase.

47. The method of ckim 46, wherein said method comprises contacting a

dNDP-glucose with a plurality of C-102V open reading frame polypeptides comprising a

20 dNDP-glucose synthase, a dNDP glucose dehydratase, an epimerase, an aminotransferase, a

C-methyltransferase, an N-methyltransferase, and a glycosyl transferase.

48. The method of el^irr^24, wherein said method comprises contacting an

amino acid with one or one or more C-l0£27\opfe^ reading frame polypeptides selected from

the group consisting of a hydroxylase, an]am\nojhutase, a type II NRPS condensation

25 enzyme, a type II NRPS adenylation enzymeAand a type II peptidyl carrier protein.

49. The method of claim 48,\wherein said method comprises contacting an

amino acid with a plurality ofC-1027 open reading frame polypeptides comprising a
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hydroxylase, a halogenase, an aminomutase, a type II NRPS condensation enzyme, a type II

NRPS adenylation enzyme, afod a type II peptidyl carrier protein.

50. The me

51. A

method comprising contacting

selected from the group

flavoprotein, a p-450 hydroxy

hod of claim 48, wherein said amino acid is a tyrosine.

method of synthesizing a chromaprotein type enediyne core, said

a fatty acid with one or more C-1027 orf polypeptides

consisting of an epoxide hydrase, a monooxygenase, an iron-sulfer

ise, an oxidoreductase, and a proline oxidase.

52. The method of claim 51, wherein said fatty acid is contacted with a

plurality of C-1027 orf polypeptides comprising an epoxide hydrase, a monooxygenase, an

10 iron-sulfer flavoprotein, a p-45(jl hydroxylase, an oxidoreductase, and a proline oxidase.

53. The methqd of claim 52, wherein said fatty acid is contacted with

polypeptides encoded by ORF17,\ORF20, ORF21, ORF29, ORF30, ORF32, ORF35, and

ORF38.

54. A method of synthesizing a deoxysugar, said method comprising

15 contacting a sugar with one or morfe C-1027 open reading frame polypeptides selected from

the group consisting of a dNDP-glucose synthase, a dNDP glucose dehydratase, an

epimerase, an aminotransferase, a Cimethyltransferase, an N-methyltransferase, and a

glycosyl transferase.

55. Thejnethod_ofAlaim 54, wherein said method comprises contacting a

20 dNDP-glucose with a plurality of C- 1027open reading frame polypeptides comprising a

dNDP-glucose synthase, a dNDP glucoie dehydratase, an epimerase, an aminotransferase, a

C-methyltransferase, an N-methiltransfiras^; and a glycosyl transferase.

56. The method of^ilalm 55, wherein said dNDP-glucose is contacted with

polypeptides encoded by ORF17^ORF20\ ORF21, ORF29, ORF30, ORF32, ORF35, and

25 ORF38.

57. A method of synthesizing a beta amino acid, said method comprising

contacting an amino acid with one or one onmore C-1027 open reading frame polypeptides

selected from the group consisting of a hydroxylase, an aminomutase, a type II NRPS
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condensation enzyme, a typo

protein.

II NRPS adenylation enzyme, and a type II peptidyl carrier

58. The rrtethod of claim 57, wherein said method comprises contacting an

amino acid with a plurality of C- 1027 open reading frame polypeptides comprising a

hydroxylase, a halogenase, a: l aminomutase, a type II NRPS condensation enzyme, a type II

NRPS adenylation enzyme, and a type II peptidyl carrier protein.

59. The method of claim wherein said amino acid is contacted with

polypeptides encoded by ORF14, ORF1 1, ORF24, ORF23, ORF25, and ORF26.

60. The method of claim 57, wherein said amino acid is a tyrosine.

61. A method pf synthesizing an enediyne or an enediyne analogue said

method comprising:

culturing a hell comprising a recombinantly modified C-1027 gene

cluster under conditions whereby s^id cell expresses said enediyne or enediyne analogue;

and

recovering saM enediyne or enediyne analogue.

62. The method of claim 61, wherein said gene cluster is present in a

bacterium.

63. The gene cluster 6f claim 62, wherein said gene cluster is present in a

bacterium selected from the gr^uip-eorrSmng-^Actinomycetes, Actinoplanetes,

20 Actinomadura, Micromonospora, and StreptomycMes.

64. The gene cluster of alaim 62, wherein said gene cluster is present in a

bacterium selected from the group coAsistirte Streptomyces globisporus, Streptomyces

lividans, Streptomyces coelicolor, Mi&omokospora echinospora spp. calichenisis,

Actinomadura verrucosopora, Micrgmdnosp^ra chersina, Streptomyces carzinostaticus, and

25 Actinomycete L585-6.

65. The method of claim 6 1\ wherein said gene cluster is present in a

eukaryotic cell.
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66. The method of claim 65, wherein said eukaryotic cell is selected from

the group consisting of a mammalian cell, a yeast cell, a plant cell, a fungal cell, and an

insect cell.

67. The methold of claim 61, wherein said host cell synthesizes sugars and

5 glycosylates said enediyne or enejdiyne analogue.

10

68. The method of claim 67, wherein said host cell synthesizes

deoxysugars.

69. A method oflmaking a cell resistant to an enediyne or an enediyne

metabolite, said method comprising expressing in said cell one or more isolated C-1027 open

reading frame nucleic acids that encode a protein selected from the group consisting of a

CagA apoprotein, a SgcB transmembrane efflux protein, a transmembrane transport protein,

a Na+/H+ transporter, an ABC^ansp^ftra-glycerol phosphate tranporter, and a UvrA-like

protein.

70. The method of cl

1 5 frame nucleic acids are selected from th

ORF 1 c-terminus, ORF 2, and ORF 1 N-

lim 69, wherein said isolated C-1027 open reading

jroup consisting ofORF 9, ORF2, ORF 27, ORF 0,

1US.

71. The method of^iaim 69, wherein said cell is a bacterial cell.
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